The reduction of sulfite to sulfide is an intermediary stage in dissimilatory sulfate reduction by Desulfovibrio spp. (19) . The mechanism of sulfite reduction, however, is not clear. Thiosulfate has been reported to be an intermediate product during sulfite reduction by cellfree extracts of Desulfovibrio vulgaris (4, 5, 14, 22) and Desulfotomaculum nigrificans (1) , and the separation of a thiosulfate-forming enzyme from extracts of D. vulgaris has been described (22) . Thiosulfate reductases have been demonstrated in D. desulfuricans (7) , D. nigrificans (20) , and D. vulgaris (6) .
Kobayashi et al. (14) prepared a fraction from extracts of D. vulgaris which reduced sulfite sequentially to trithionate and thiosulfate. A second fraction, containing trithionate and thiosulfate reductases, was required for complete reduction of sulfite to sulfide. They proposed the following sequence of reactions and suggested that three separate enzymes were involved.
3SO32--S362-S2032- 
S032-
This proposal gained support from reports that trithionate was the major or sole product of sulfite reduction by purified bisulfite reductases from D. gigas (18) and D. nigrificans (1, 2 Table 2 . Inocula for these experiments were grown in sulfate-free thiosulfate media.
Preparation of washed cells. Organisms were harvested by centrifugation, washed twice with 0.1 M potassium phosphate buffer (pH 6.8), and resuspended in the same buffer to 10 ml. Dry weight was estimated on 1 ml of the suspension after drying overnight at 105 C.
Preparation of cell-free extract. Cells of D. desulfuricans were suspended in 0.1 M potassium phosphate buffer (pH 6.8) and passed twice through a French pressure cell at 20,000 lb/in2. The extract was centrifuged at 10,000 x g for 30 min and the supernate was dialyzed overnight against the same buffer.
Incubations. Anaerobic incubations with washed and growing organisms were performed in Thunberg tubes. Substrates were placed in the side arm and the tube was evacuated and refilled with purified oxygenfree nitrogen (25) . This was done six times before mixing and incubation under partial vacuum at 36 C.
Sulfide was collected by evacuation through 5,5'-dithiobis(2-nitrobenzoic acid) in 0.1 M tris(hydroxymethyl)aminomethane-hydrochloride buffer, pH 8, and its concentration was determined by the absorption at 412 nm. One molecule of sulfide and one molecule of 5,5'-dithiobis(2-nitrobenzoic) react to give two molecules of thionitrobenzoate with a molar absorption coefficient at 412 nm of 13,600 (3, 16) .
With washed-cell experiments the reaction was stopped by addition of ethanol to approximately 50% (vol/vol) before collection of sulfide.
Chromatography. Sulfate and thiosulfate were separated by using ion-exchange resin Bio-Rad AG 1 x 2 as described previously (23) .
Analysis of thiosulfate and trithionate. Thiosulfate and trithionate were estimated as described previously (11) .
Degradation of radioactive thiosulfate. The sulfane and sulfonate atoms were separated as described by Kelly and Syrett (12 (Table 4) .
DISCUSSION
The complete transformation of thiosulfate to sulfide is believed to proceed by two stages: (i) reductive scission of thiosulfate to sulfide and sulfite S,Os2-+ 2e-_ S2-+ SO,2- (1) and (ii) reduction of sulfite (see references 19, 20) .
By the use of sulfane-and sulfonate-labeled [I3S ]sulfate in the presence of unlabeled thiosulfate, the specific activity of accumulated sulfide should be less than 50% that of the sulfane atom of residual thiosulfate. In the experiments described in Tables 1 and 3 , however, the ratios of specific activities of sulfide and sulfane atom of residual thiosulfate were 51 and 34, respectively.
We conclude, therefore, that the present results are not consistent with the hypothesis that thiosulfate is a normal intermediate in the dissimilatory sulfate reduction pathway. The small incorporation of HS from 35SO2-or from the sulfonate group of thiosulfate into the sulfane atom of thiosulfate (Table 3 ) might be due to exchange with an intermediate at the oxidation level of elemental sulfur. Transient formation of the latter in sulfite reduction has been suggested (13) .
Because thiosulfate is a product of trithionate reduction (Table 4) , it would seem that trithionate is probably not an intermediate between sulfite and sulfide.
The results reported in this paper could be accounted for if sulfite reduction in washed and growing cells were largely due to the assimilatory sulfite reductase reported to be present in a number of Desulfovibrio species (18) . This enzyme catalyses the reduction of sulfite to sulfide without the formation of detectable intermediates. Should this explanation be correct, however, it would raise an important question as to the function of the trithionate-forming bisulfite reductase which, at least in D. vulgaris, accounts for more than 90% of the total sulfite reductase activity in crude extracts (18) . An alternative explanation is that bisulfite reductase is the major sulfite reducing system in the cell and that, as suggested by Kobayashi et al. (13) , trithionate and thiosulfate are by-products of the cell-free system.
